Introduction {#s0010}
============

Diverticular disease, also termed as "disease of western civilization," was first described by Soemmerring in 1794 and later by Astley Cooper in 1809. In 1906, Gordinier and Shil performed the first operation for diverticulum [@bib0010]. Diverticulum is a sac-like protrusion in the wall of any portion of the gastrointestinal (GI) tract and is called real diverticula when composed of all layers of intestine and false diverticula when composed of only the mucosa and submucosa. In the small bowel duodenum is the most common site followed by jejunum and ileum, with duodenum diverticula almost 5 times more common than jejunoileal diverticula. Jejunoileal diverticula are seen in the sixth and seventh decades [@bib0015], with a male predominance of 1.5:1, whereas duodenal diverticular disease occurs after the fifth decade of life, with equal predominance among men and women [@bib0020].

Case reports {#s0015}
============

Case 1 {#s0020}
------

A 68 year old man ,under treatment for polycythemia vera for last two years, presented to the emergency department with history of pain in the abdomen especially after taking meals and decreased frequency of stools for 5-6 days\' duration, with pain increasing in severity for last 24 hours and with absolute constipation. On per abdomen examination, the abdomen was distended with diffuse tenderness all over. Laboratory tests were insignificant except for raised total leukocyte count. X-ray of the abdomen ([Fig. 1](#f0010){ref-type="fig"}) showed dilated small bowel loops with air fluid levels consistent with small bowel obstruction. Multidetector computed tomography (MDCT) was advised and showed dilated jejunal loops with multiple outpouchings arising from the mesenteric side of the jejunum, suggestive of diverticula ([Fig. 2A-D](#f0015){ref-type="fig"}). An adhesion band was seen causing internal hernia with resultant intestinal obstruction, a finding seen on retrospective imaging. The adhesion band formed a bridge between band and mesentery through which 2 thick, narrowed loops of jejunal segment were seen traversing ([Fig. 3A-D](#f0020){ref-type="fig"}) with significant stranding, and increased attenuation of the adjoining mesenteric fat was seen. A few small mesenteric lymph nodes were also seen ([Fig. 2](#f0015){ref-type="fig"}, [Fig. 3](#f0020){ref-type="fig"}). There was also short segment thrombosis of superior mesenteric artery (SMA) ([Fig. 4A-C](#f0025){ref-type="fig"}) at its origin, which also led to some diagnostic dilemma of whether the cause of thick narrowed jejunal segment is inflammatory only or caused by ischemic bowel with superadded inflammation. No evidence of any free air seen on computed tomography imaging was suggestive of perforation. Surgical exploration showed dilated jejunal loops with multiple jejunal diverticula. One perforated inflamed mid-jejunal diverticulum and an adhesion band was also seen during surgery with significant inflammatory changes in the adjoining mesentery and reactive mesenteric lymph nodes. The adhesion band was causing internal herniation of small bowel through a bridge formed between adhesion band and mesentery with resultant intestinal obstruction ([Fig. 5A-D](#f0030){ref-type="fig"}). Vascularity was normal, wedge excision and closure of perforated diverticula was done, and adhesion band was released. Perforation may have occurred while the patient was managed conservatively, as no signs of perforation could be seen, even on retrospective analysis of preoperative imaging. Nothing was done for SMA thrombosis as bowel vascularity was normal.Fig. 1Ray abdomen showing multiple dilated small bowel loops with air fluid levels consistent with small bowel intestinal obstruction.Fig. 1Fig. 2(A-D) Axial image (A) showing dilated jejunal loops (arrow) with coronal images (B-C) showing multiple variable-sized outpouchings from mesenteric side of dilated jejunal loops representing the diverticula (arrows) and last coronal image (D) showing inflammatory changes in the mesentery (arrow) in the form of high attenuation and marked stranding of mesenteric fat with small mesenteric lymph nodes. Adhesion band and adjoining thick narrowed small bowel jejunal loops can also be seen in the last image.Fig. 2Fig. 3(A-D) Coronal CT images nicely showing adhesion band (wide arrows in B-D) forming a tunnel through which thick narrowed 2 loops of jejunal segment (thin arrows) can be seen traversing, indicating internal hernia leading to small bowel obstruction. Surrounding mesentery shows significant inflammatory changes (C, D, adjoining wide arrows).CT, computed tomography.Fig. 3Fig. 4(A-C) Coronal, sagittal, and 3D volume-rendering images show short segment occlusion of SMA (arrows) at its origin due to thrombus.SMA, superior mesenteric artery.Fig. 4Fig. 5(A-D) Intraoperative image (A) shows multiple diverticula (arrows) arising from the mesenteric side of jejunal loops and almost corresponding coronal CT images (B) for comparison. Intraoperative image (C) shows adhesion band-forming tunnel (arrow) between mesentery and adhesion band with herniation of jejunal loops through this, and image D shows perforated diverticulum (arrow).Fig. 5

Case 2 {#s0025}
------

A 60-year-old woman presented to the emergency department with clinical features of melena for the previous 7 days, which slowly increased in severity for the last 3 days, and had features of shock with blood pressure of 68/40 mm Hg, heart rate of 130 beats per minute, respiratory rate of 24/minute, and oxygen saturation of 94% at time of presentation. Patient was also a known case of type 2 diabetes mellitus for the last 10 years and had percutaneous transluminal angioplasty 3 years back for acute coronary syndrome. Physical examination revealed severe pallor and pedal edema with mild abdominal tenderness. Laboratory tests showed decreased hemoglobin (7.2 g/dL) and raised total leukocyte count (15,300) with predominance of neutrophils. Upper GI endoscopy was normal with no evidence of varices. Contrast-enhanced computed tomography abdomen showed multiple outpouchings arising from the mesenteric border of jejunum with one of them in the left hypochondriac region showing features of inflammation with increased attenuation and significant fat stranding of the adjoining mesentery with formation of small inflammatory mass ([Fig. 6A-D](#f0035){ref-type="fig"}). The patient was planned for emergency surgery. Four units of packed red blood cells and fresh frozen plasma were transfused preoperatively. Midline laparotomy confirmed the radiological findings and showed multiple diverticula. Large inflamed diverticula of approximately 4 cm and a small inflammatory mass was seen in the left hypochondriac region. Dense adhesions with omentum and gut were seen in the left upper and infracolic quadrant. Another diverticulum was seen arising from the posterior aspect of third part of duodenum. No any other cause of bleeding seen on laparotomy ([Fig. 7A-D](#f0040){ref-type="fig"}).Fig. 6(A-D) CECT images show (wide arrows) inflamed jejunal diverticulum with formation of inflammatory mass showing peripheral enhancing wall with adjoining mesentery showing increased attenuation and significant stranding. Axial CECT image B (thin arrow) shows D3 duodenum diverticulum.CECT, contrast-enhanced computed tomography.Fig. 6Fig. 7(A-D) Surgical pictures showing multiple small jejunal diverticula (A) with CT images for comparison (C). Intraoperative picture (B) and postsurgical resected jejunal segment (D) containing inflamed diverticulum.CT, computed tomography.Fig. 7

Discussion {#s0030}
==========

Small bowel diverticulosis was first described by Baillie and von Soemmerring in 1794 and Cooper first described jejunal diverticulosis in 1807 [@bib0025]. Diverticulosis involves the large intestine more commonly than the small bowel, with reported incidence of small bowel diverticulosis being 0.6%-2.3% in autopsy series [@bib0030] and with reported radiological incidence of 2.3% [@bib0035]. In the small bowel, duodenum is the most common site of diverticulosis followed by the jejunum and the ileum. Diverticulum is more frequent in the jejunum than in the ileum due to greater diameter of penetrating jejunal artery [@bib0040]. The proposed etiopathogenesis of small bowel diverticulosis is abnormalities in intestinal peristalsis, intestinal dyskinesia, and very high intraluminal pressure, with diverticulum arising at the site where mesenteric vessels enter into the muscular layer of the small intestine [@bib0040], [@bib0045]. It has also been hypothesized that vegetarian diet and a high intake of dietary fiber lowers the risk of diverticular disease, as this diet leads to rapid bowel transit time, causing less water to be reabsorbed from the lower GI tract resulting in larger, softer stools that are easier to pass; this in turn could lead to a lower intraluminal pressure and a reduced likelihood of pouches or bulges formation through the weakened intestinal wall that are characteristic of diverticula [@bib0050].

The diverticulosis is usually asymptomatic in approximately 42% cases, and is detected incidentally on imaging done for some other reasons. Diarrhea and chronic pain are present in 40% cases, whereas 18% of cases present with emergency complications, half of which require surgical intervention [@bib0055]. Complications such as malabsorption, diverticulitis, obstruction, abscess formation, and rarely, diverticular perforation or hemorrhage have been reported in 10%-30% of patients [@bib0060], with mortality rates associated with these acute complications ranging from 25% to 50% [@bib0065].

In radiological evaluation of complications of diverticulosis, abdominal x-ray may show air fluid level and free intraperitoneal air. MDCT with oral and IV contrast is highly sensitive for assessment of various complications and is superior for demonstrating the mural, serosal, and mesenteric extent of the disease.

On MDCT, *diverticula* appear as a discrete round or ovoid, air-containing outpouching from lumen of the small bowel, with a smooth, barely discernible wall and no recognizable small-bowel folds.

Inflamed diverticula, called *diverticulitis*, typically show nonspecific changes that are consistent with inflammation and infection. Frequent findings seen in diverticulitis are an inflammatory mass, which may contain gas; wall thickening of an involved segment; edema of the surrounding tissues; and fluid collection [@bib0030], [@bib0065].

*Abscess* formation is seen as fluid collection with enhancing walls and may show air in it on MDCT imaging [@bib0030].

*Perforation*, one of the most severe complications of jejunal diverticula with a mortality rate of up to 40% [@bib0065], [@bib0070], may result in free air in peritoneal cavity or it may be contained within an interloop abscess. Underlying necrotic tumor may also have this appearance and should always be considered [@bib0030], [@bib0075].

Usually, bowel ischemia of arterial origin shows a thinning of bowel wall, although there can be wall thickening in case of reperfusion and lumen may be filled with fluid, gas, or both, and there can be surrounding inflammatory changes in case of superadded infection [@bib0080]. Our case also showed thickening of involved segment with associated short segment SMA thrombosis at its origin, which raised doubt if there is associated ischemic etiology, although no bowel ischemia was seen preoperatively. Polycythemia vera predisposes to thrombotic state [@bib0085], which is also a likely cause of SMA thrombosis in our case.

*Mechanical intestinal obstruction*, another complication of diverticulitis, has reported incidence of approximately 2.3%-4.6% [@bib0090], which may occur as a result of adhesion band formation due to inflammation, or obstruction can be due to extrinsic compression from an adjoining bowel loop with large diverticulum or from intussusception. Obstruction can be secondary to enterolith as an acidic environment within the diverticulum is ideal for metabolism of bile salts to choleic acid, hence enterolith obstruction [@bib0030], [@bib0035], [@bib0075], [@bib0080], [@bib0095]. Our first case also presented with intestinal obstruction due to internal herniation of jejunal loops caused by an adhesion band which most likely formed due to previous episodes of diverticulitis.

*GI bleeding* from jejunal diverticulosis, first reported by a British surgeon, Dr L.R. Braithwaite in 1923, has a reported incidence of approximately 3.4%-8.1%, although severe GI bleeding secondary to jejunal diverticulosis is rare, with 1 study quoting approximately 50 cases reported in the literature to date [@bib0100]. Hemorrhage can be due to ulceration or foreign body impaction [@bib0030]. Our second case presented with life-threatening upper GI bleeding due to complicated jejunal diverticulitis, with preoperative MDCT imaging helping the surgeon to provide a roadmap for the surgery.

To conclude, our study describes and highlights the role of preoperative imaging of 2 uncommon complications of jejunal diverticulitis which were managed successfully. A preoperative accurate diagnosis of the complications of diverticulitis helps in better surgical planning and thus helps in better patient management.
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